Introduction
Presence, Vol. 5, No. 4, Fall 1996 , 393-401 © 1996 by the Massachusetts Institute of Technolog/ Real-time inverse kinematics is a key component of a human modeling system. For example, in interactive figure manipulation it is convenient for the user to specify the desired location of the hand instead of explicitly manipulating the arm joints. Another important application of inverse kinematics occurs in the playback of motion capture data where joint angle trajectories must be inferred from the movement of sensors positioned on the body. Mechanisms with more than six degrees of freedom, such as the human arm, are said to be redundant because they have more flexibility than required to achieve a given end-effector position and orientation. In robotics applications redundancy is often exploited to satisfy additional objectives such as torque optimization, and singularity and obstacle avoidance. It is generally impossible to solve for these additional criteria analytically so a numerical procedure must be used. For example, Klein (1984) used a generalized pseudoinverse technique to avoid joint limits and obstacles. Suh and Hollerbach (1987) also used the pseudoinverse to minimize torque utilization. In the computer graphics community, Maciejewski (1990) used a generalization of the pseudoinverse to generate smooth trajectories for articulated figures. Zhao and Badler (1994) implemented a flexible inverse kinematics technique that allows the user to specify multiple positioning and aiming goals for high degree of freedom figures. In their scheme, the inverse kinematics task is cast into a constrained nonlinear programming problem that is solved using a modified quasi-Newton algorithm. Koga, Kondo, Kuffner, and Latombe (1994) (Fig. 2) (Craig, 1989 
